Doped manganese oxides that exhibit colossal magnetoresistance (CMR) are often characterized by a competition of different electronic phases that critically influence their properties [1] [2] [3] and leads to the coexistence of spatially separated competing phases. Despite extensive experimentation [4] [5] [6] [7] [8] , characteristic length-scales associated with phase coexistence remains an important open question. While theoretical work [9] has pointed to a nanometric length-scale, the first experimental evidence [4] surprisingly indicated a much larger characteristic length, typically ∼ 0.5 µm. Subsequent experiments [5] [6] [7] [8] have uncovered multiple length-scales ranging from the atomic to the sub-micron, covering many orders of magnitude. Additionally, the role of chemical inhomogeneity in driving this phenomenon is not well understood. In this context, it is important to note that these early experiments were carried out on polycrystalline [4] and thin film [6, 7] specimens. The La 1−x−y Pr y Ca x MnO 3 system is believed to show the clearest example of such phase separation, typically between a ferromagnetic (presumably metallic) and an antiferromagnetic/charge-ordered insulating phase. The recent suggestion [5] of the possibility of an additional ferromagnetic insulating phase opens up further possibilities. In view of this, we investigate the electronic structure of high-quality single crystals of La 1−x−y Pr y Ca x MnO 3 with x = y = 3/8 using photoemission spectroscopy (PES) with high spatial and energy resolutions. So far the electronic structures of phase-separated manganites have been probed only for La 1−x Ca x MnO 3 [7] and Bi 1−x Ca x MnO 3 [8] using scanning tunneling spectroscopy, which cannot provide any information concerning the chemical composition responsible for the specific electronic structure; therefore, this technique cannot probe the role of chemical inhomogeneity as the primary driving force for the occurrence of phase separation. PES is well known to be the most powerful tool to provide direct information about the electronic structure of almost all varieties of interesting systems. The additional advantage of PES is its unique elemental sensitivity, allowing an accurate determination of chemical composition. Therefore, spatially resolved PES is ideal and unique in its ability to simultaneously probe the chemical homogeneity and spatial variations in electronic structure of such manganites. Interestingly however, this probe has so far not been utilized to investigate the issue of phase separation.
The main impediment in using PES at a sub-micron length scale has been to simultaneously satisfy the demands of a high-energy resolution required to probe the electronic structure relevant to CMR, the ability to deliver a sufficiently intense photon source focused on the sample, and varying the temperature over a wide enough range. These requirements 3 becomes even more stringent in view of the need to probe a wide kinetic energy region to cover both valence levels for the electronic structure information and core levels to obtain chemical information at the same time. Recent developments in the synchrotron and associated instrumentation at a third generation source, Elettra at Trieste, Italy, has now made it possible to study the electronic structure by carrying out high resolution (< 50 meV) photoemission spectroscopy with a spatial resolution of the order of 0.5 µm, from temperatures of 40 K up to room temperature with a photon energy of 95 eV allowing access to a large number of core levels along with the valence level. A schematic of the complete set-up is shown in Fig. 1 . A Schwarzschild objective was used to focus the photon flux to a point source on the sample [10] . A large number of independent experiments were carried out to confirm the reproducibility of the results. The temperatures at both the extremes, near 40 − 50 K and at the room temperature, could be kept stable for a long time. Images were then acquired with 100 X 100 pixels over ∼ 65 X 32 µm 2 areas at these end temperatures.
However, at intermediate temperatures, we recorded coarser images (50 X 50 pixels over the same area), in order to minimize the time to record one image, avoiding possibly larger temperature drifts during a single measurement. The vacuum in the chamber during the measurement and cleaving of the samples was typically 10 −10 mbar.
We have taken a large number of high-resolution spectra over a wide energy range from various points on the sample surface. We have also generated intensity images by recording the spectral intensities over the valence band region with a sixteen-channel detector array.
Since these samples do not cleave well, it is not possible to investigate the entire surface at the same level of focus with the electron detection system. Consequently, the absolute intensity at a given energy from any spot on the sample depends on the local topography, particularly the slope and the height, of the specific spot. We use the ratio of the intensity close to the Fermi level to that at the most intense valence band feature at about 3 eV below E F to partially cancel such topographic contributions. Since the intensity at E F is expected to be the greatest in the highly metallic state and absent or nearly absent for the insulating state, the mapping of the ratio of intensities at these two energies not only removes the topographic features to some extent, but also accentuates the distinction between the metallic and insulating phases. Essentially, these "ratio" images then identify metallic regions with a large ratio and insulating regions with a small ratio. A comparison of a topographic image, constructed by the total intensity over all the 16 channels, and a ratio image clearly establishes which of the features arises from topography and which from a true variation in the electronic structure.
The overall spectral shape of the valence band region, displayed in the inset to Fig. 2a , is typical of the manganites and does not change substantially over most of the energy range with temperature. However, the metal-insulator transition as a function of temperature in the system, consistent with the transport data, is clearly demonstrated in the main frame of Fig. 2(a) with the emergence of a finite spectral intensity at E F in the low temperature metallic state. In contrast, the high temperature insulating state clearly does not have any intensity at E F other than contributions arising from various broadening effects, such as thermal and resolution broadening.
In order to understand whether any significant level of chemical inhomogeneity is responsible for electronic phase domain formation in such samples, we have taken a large number of highly resolved spectra over a wide range of energy covering the main valence band consisting primarily of Mn 3d and O 2p states as well as the La 5p, Pr 5p and Ca 3p core levels.
These spectra were collected with a spatial resolution of 0.5 µm from various points on a freshly cleaved crystal surface, and normalized at the highest intensity valence band feature to account for topographic differences. indicates that even at a high temperature, the sample retains an approximate "memory" of the relative locations of the distinct phase domains. This memory effect can only happen if there is some pinning centers that determine the nucleation sites of the insulating domains.
We have shown that chemical inhomogeneity is negligible on the length scale of the domains.
In addition, a large length scale chemical inhomogeneity would result in a more highly reproducible morphology in contrast to our observation of only an "approximate memory"
effect. The fact that the location and orientation are remarkably similar gives credence to the suggestion that primarily long-range strain stabilizes the morphology of these insulating domains within the metallic regime [11] .
As shown in the ratio images from 50 through 90 K, it is clear that the contrast in the electronic structure, evident at the lowest temperature, gradually vanishes due to the macroscopic metal-insulator transition with increasing temperature, closely following the metal-insulator transition observed in transport measurements. In order to confirm that these observations are not unique to the particular spot on the sample, we took similar images at the lowest temperature at various places on the crystal surface and in every case we found evidence of such insulating domains deep inside the metallic regime. We illustrate this with another position on the sample surface in the lowest image panels in Fig. 3 , recorded as the sample was cycled from the lowest temperature up to about 132 K and then down to the lowest temperature once again. In the first panel, we show the topographic image;
the second panel, showing the corresponding ratio images at a low temperature, exhibits 6 an abundance of insulating patches, represented by red-yellow regions marked by thin solid lines, in a predominantly metallic phase represented by blue-green regions. When the sample is heated up to about 132 K, the electronic phase contrasts vanish, as can be seen in the next panel. However, the insulating patches reappear at approximately the same locations when the sample is cycled back to the lowest temperature, supporting the observations stated previously.
It is significant that these observed insulating patches in the metallic regime are large, on the order of several microns across. Such a nearly macroscopic domain formation may appear even more intriguing than the smaller length scale electronic domains (sub-micron or even nano-scale), discussed so far in the literature. The considerably larger size found is presumably due to the high quality of the single crystals used in this work, suggesting that such domains can have even larger sizes for perfect crystals. The present results, establishing a remarkable memory effect in the morphology of the insulating patches, suggest that these insulating domains at low temperatures are initiated by some pinning centers that provide nucleation sites for the insulating phase within the predominantly metallic region.
These pinning centers appear to be correlated with long-range strains in the specimen. It is reasonable to expect a larger density of such strain centers (e.g. with a larger defect density) in a crystal of poorer quality or in a polycrystalline material, which then provides a larger density of nucleation sites; this then limits the size of individual patches in such samples.
Thus, the wide, orders of magnitude, variation in the length-scale of the phase coexistence phenomena observed in different samples of manganites is most likely due to this variation in the strain center density in different specimens. This further suggests that the intrinsic length-scale may reach as high as several microns, as observed in the present investigation.
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